Recent estimates of the Kerr parameters a ⋆ for two binaries , GRO J1655−40 (Nova Scorpii) and 4U 1543−47 (IL Lupi), facilitate a test of stellar evolution. We found that the measured Kerr parameters are consistent with those of Lee et al. (2002, denoted as LBW), in which they predicted the Kerr parameters of X-ray transient sources based on the common envelope evolution which begins at the He red-giant stage of black hole progenitors. Based on this evolution, we propose a model for the evolution of GRS 1915+105, in which the spinning up the black hole by the accretion from the donor star plays an essential role to nearly reach the observed a ⋆ > 0.98 .
Introduction
Recent estimates of the Kerr parameters a ⋆ for two binaries , Nova Scorpii and IL Lupi, facilitate a test of stellar evolution, in that the spins of these binaries should be produced in the common envelope evolution which begins with the evolving massive giant and companion donor, and ends up in helium-star-donor binary, the hydrogen envelope of the massive star having been stripped off. Aside from the effective efficiency λα ce which has been determined to be ∼ 0.2 in the evolution of many transient sources (LBW) the only input parameter is the initial giant-donor separation distance. LBW have assumed common envelope evolution to begin only after He core burning has been completed; i.e., Case C mass transfer. Otherwise the He envelope, if laid bare, would blow away to such an extent that the remaining core is not sufficiently massive to evolve into a black hole (Brown, Heger et al. 2001 ).
Since evolutionary calculations (Schaller et al. 1992) show the giant 20M ⊙ star to expand only from ∼ 850R ⊙ to 1000R ⊙ following He core burning, before it explodes, the initial separation of the binary at the beginning of common envelope evolution is known to ∼ 10%. This knowledge was translated by LBW into the statement, accurate to about the same 10% that the final donor, Hestar separation varies linearly with the donor mass; i.e., with the donor mass at the end of common envelope evolution. Because of the short He star lifetime, this is also the donor mass at the time just before the evolution of the He star into black hole (The Schaller et.al. results were modified by LBW so that ZAMS 25 − 35M ⊙ giants expanded in a similar way).
Because of the tidal locking the He star rotates at the same rate as the binary. Its angular momentum is conserved as the He star evolves into the black hole. LBW calculated this a ⋆ as a function of binary period. The results are given in their Fig. 12 which we reproduce as Fig. 2 . They included the effects of mass loss in the hypernova explosion in which the helium star drops into a black hole, only in Nova Sco and IL Lupi, so reliable predictions of a ⋆ were given for only these two binaries. Subtracting the 3 × 10 52 ergs estimated by Nomoto et al. (2000) for a hypernova explosion, the a ⋆ 's measured by Shafee et al. (2006) could be obtained. The good agreement in this comparison supports the assumption of Case C mass transfer and the tidal locking at the donor-He star stage assumed in the LBW calculations.
We construct the system velocity so as find the preexplosion period of GRS 1915+105.
It should be noted that although the way in which the hypernova explodes is similar to the Woosley Collapsar model, the H envelope in our binary is removed by the donor and the rotational energy is produced in the common envelope evolution, so that this is a somewhat different way of producing a gamma-ray burst than the Collapsar model. The necessity for Case C mass transfer, given Galactic metallicity, and the measured systems velocity lock us into the Kerr values we find.
GRO J1655−40 and 4U 1543−47
Recent results the pre-explosion a ⋆ is 0.8 for both of these binaries.
The first suggestion that Nova Scorpii underwent a hypernova explosion was made by Israelian et al. (1999) . These authors found that the F-star companion had abnormally high content of α-particle nuclei which had presumably been deposited on the donor during the explosion, in which nearly half of the system mass had been lost (Brandt et al. 1995) . Israelian et al. compared their spectrum with those of the Nomoto et al. (2000) calculation of a hypernova with explosion energy of 3 × 10 52 ergs.
On the other hand, with the assumption of Case C mass transfer, λα ce = 0.2 determined from the totality of transient sources (LBW) and tidal locking,
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LBW determined the final binary radius to be 1 The effective efficiency λ was introduced by van den Heuvel and others to take into account the kinetic energy and the density distribution of the star; i.e., the polytropic nature. Van den Heuvel (1994) chooses 1/2, but only the product λα ce enters, where α ce is the efficiency of common envelope evolution. 
and argued for M giant ∼ 30M ⊙ . Note the low, essentially square root dependence on the giant mass. We know that R giant must be between 850R ⊙ and 1000R ⊙ initially, for Case C mass transfer to be possible.
As noted earlier, a relatively accurate final result from the spiral-in was obtained because Case C mass transfer (i.e., following core He burning) was required for the binary. If the massive star was uncovered by Case A or B mass transfer, sufficient mass was found to be blown off while the He star was "naked" so that not enough was left for it to evolve into a high-mass black hole (Brown et al. 2001) . (In other words, the nature of the binarity strongly affected the threshold in ZAMS mass for black hole production.) Now the progenitor massive star was found to increase in radius only from ∼ 850R ⊙ to ∼ 1000R ⊙ following He core burning (See Fig. 3 ) so this meant to within ∼ 10% the radius of the giant and ∼ 10% the binary separation preceding spiral in was known. A detailed description of this behavior was given by Brown et al. (2001) , and applied in evolution of the transient sources by LBW. Since ZAMS masses of the progenitors of the black holes in both Nova Scorpii and IL Lupi were taken to have ZAMS mass 30M ⊙ the agreement with measured a ⋆ 's gives support to the LBW procedure. LBW worked back from the present masses to those at the time of the hypernova explosion using conservative mass transfer. Thus, the mass loss in the explosion, essentially the difference in progenitor He star mass and black hole, could be calculated. This procedure will be described in Section 4. In this way a f could be obtained and, with the assumption of tidal locking, the preexplosion a ⋆ . This is the angular momentum of the He-star, donor system. However, Shafee et al. (2006) measure the a ⋆ at the present time, so the angular momentum used up in the hypernova explosion must be subtracted. Nomoto et al. (2000) estimate the energy of the hypernova explosion to be ∼ 3 × 10 52 ergs. In the Appendix we calculate, using the Blandford-Znajek (1977) mechanism that furnishing this amount of energy envolves decreasing a ⋆ by ∼ 0.02 down to ∼ 0.78, but that the matter accreted by the black hole after formation will restore a ⋆ to ∼ 0.8. The important point is that the hypernova explosion uses up only a few percent of the energy of the rotation of the black hole.
Following the explosion mass is transferred from the donor to the black hole. LBW estimated this to be 0.41M ⊙ transferred from a preexplosion donor mass of 1.91M ⊙ for Nova Scorpii. Beer and Podsiadlowski (2002) carried out extensive numerical calculation for Nova Scorpii, ending up with a preexplosion mass of 2.5M ⊙ and separation of ∼ 6R ⊙ to be compared with the 5.33R ⊙ of LBW. In the case of IL Lupi, LBW estimate that 0.23M ⊙ was transferred from donor to black hole since explosion. These are relatively small effects since Nova Scorpii and IL Lupi are still in main sequence. Our Fig. 4 shows the increase in a ⋆ from mass accretion by the black hole.
We should take into account that there may be some uncertainties in the energy of the hypernova explosion of Nomoto et al. (2000) , so it would be good to have some additional energy. The increases in black hole mass and, therefore, also a ⋆ by accretion since explosion in Nova Scorpii and IL Lupi are the same order of magnitude as the decrease in a ⋆ to furnish the hypernova energy.
In the case of an evolved donor, such as in GRS 1915+105, as discussed by LBW and by Podsiadlowski et al. (2003) , these become very important.
Having the reconstructed preexplosion orbital periods, obtained using the mass loss calculated from the system velocities of Nelemans et al. (1999) we use Fig. 12 of LBW reproduced in Fig. 2 . Note that the preexplosion periods of Nova Scorpii was constructed as 0.4 days which gives Kerr parameter a ⋆ = 0.8 for the curve denoted 11M ⊙ , the He star mass that follows from the ZAMS mass favored in LBW.
GRS 1915+105
McClintock et al. (2006) have established that a ⋆ > 0.98 in GRS 1915+105. We model the evolution of this binary, starting with the V4641 Sgr as a template. LBW showed that V4641 Sgr, with 6.53M ⊙ evolved 9(III) B-star companion and 9.59M ⊙ BH will evolve in time into a system similar to the present GRS 1915+105. Accordingly, the BH in GRS 1915+105 must have accreted ∼ 4.6M ⊙ from its donor, on top of the 9.59M ⊙ it had at the stage the black hole in V4641 Sgr is now. Podsiadlowski et al. (2003) carried out extensive calculations showing that GRS 1915+105 had accreted several solar masses from the donor and that the black hole could be carried up to Kerr parameter a ⋆ ∼ 0.9 by this accretion. In  Fig. 4 , from the Appendix of Brown et al. (2000b) the curve of how a ⋆ varies with mass accretion alone is reproduced.
The orbital period of V4641 Sgr is 2.8 days; conservation of angular momentum requires that it would have been substantially shorter preceding the explosion in which the black hole was born, as we develop in Sec. 4. From Fig. 4 we see that a ⋆ corresponding to the present period of V4641 Sgr would be only ∼ 0.15, but if V4641 Sgr has substantial mass loss the preexplosion a ⋆ can be 2 to 3 times this. None the less, the main increase of the rotation must come from mass accretion following the creation of the BH. and δm is the total rest mass of the accreted material. Note that M 0 is the mass of the non-rotating initial black hole. Here we assumed that the last stable orbit corresponds to the marginally stable radius (Brown et al. 2000b ).
Evolution of GRS 1915+105
It is generally accepted that accretion rates are limited toṀ Edd or somewhat higher, if the accretion is non-spherical. This limit does not apply to the accretion of matter across the event horizon of a black hole, since no luminosity is generated. MacFadyen and Woosley (1999) , for example, postulate accretion rates as high as 10
15Ṁ
Edd during the formation of their accretion disk. We have constructed the hypernova explosion in the same way as MacFadyen and Woosley, but in our case the donor removes the hydrogen from the massive progenitor of the black hole in common envelope evolution and the black hole inherits the angular momentum from the tidally-locked helium star. Since the black hole is so much smaller than the He star, it must rotate much faster. Consequently, the mass of the black hole is substantially smaller than the He star mass to conserve angular momentum. The difference in mass M He −M BH = ∆M is expelled into space in a Blaauw-Boersma kick (Blaauw 1961; Boersma 1961) , with assumed zero angular momentum. If the collapsing core is ionized, then frozen-in field lines will impart considerable angular momentum to the outer layers of the He star, which will be flung out in a explosion. As noted for Nova Sco and IL Lupi, the Kerr parameter will have to be only slightly reduced because of the black hole powering the hypernova explosion.
The amazing feature of GRS 1915+105 is that although the periods of binary rotations involved are ∼ days, the Kerr parameter found by McClintock et al. is a ⋆ > 0.98. In other words, the black hole rotational energy is very near to maximal. To determine whether this is expected, we evolve a V4641 Sgr-like system from the end of common envelope evolution, as was done by LBW.
The common envelope evolution will terminate when the donor-He star separation is minimal. In V4641 Sgr we can obtain the minimum separation by evolving the binary backwards in time until the donor and black hole have equal masses, both equal to 8.07M ⊙ . We do this by conservative mass transfer, which we justify in the next section. We find that P equal masses = 6.53 × 9.61 8.07 × 8.07
So at the end of common envelope evolution the a ⋆ with tidal locking was 1.12 × 0.15 = 0.17, not a very large increase over the present post-explosion period of V4641 Sgr.
The He star will lose mass in the supernova explosion. Since the mass is lost at the He star, not at the center of momentum, the remaining bound system receives a kick. This is the Blaauw-Boersma scenario. In the Appendix of Brown et al. (2001) formulae for constructing the Blaauw-Boersma kick are given. Most useful is the change in period
where the left hand side is the postexplosion period (with a ⋆ = 0.17). In Table 1 we give results for He stars with different assumed masses.
By construction the black hole mass is M He − ∆M = 8.07M ⊙ , but the natal a ⋆ depends on M ZAM S following common envelope evolution. Matter will accrete onto this black hole, adding to its mass and spinning it up, also widening the binary until we have the GRS 1915+105 we see today.
As the inner part of the He star drops into the black hole, the latter will be formed in very rapid rotation. Some of the magnetic field lines threading the black hole are frozen in the outer part of the He star, the part left behind with no angular momentum, and will fling it out by centrifugal force. This is the hypernova explosion. In order to furnish the ∼ 3 × 10 52 ergs in this explosion, a ⋆ will have to drop a bit, by ∼ 0.02, as discussed earlier and in our Appendix. Dhawan et al. [13] (using corrected values for R.A. and δ) we can calculate a peculiar velocity perpendicular to the disk of the Galaxy (the radial velocity of γ = −3 ± 10Km/s measured by Greiner et al. (2001) [14] is small and is neglected here), V sys = 42.5Km/s, this points towards M ZAM S ≃ 32M ⊙ and a ⋆ ≃ 0.972, very similar to the estimation of the mass for the giant progenitor of the black hole in V4641 Sgr from LBW [21] . 
Evolution by Winds
In LBW some difficulties were seen for donors as massive as the one in V4641 Sgr. Namely, in the formation of the black hole the donor would overflow its Roche lobe for black hole progenitors as large as ZAMS 40M ⊙ . This would mean that the system could not exist for a significant duration (see the caption in Fig. 3 of LBW) . We now discuss why this does not take place.
LBW added 4.6M ⊙ to the black hole by wind from the donor, taking the present V4641 Sgr to be GRS 1915+105 at the earlier time. This brought the black hole up to a mass of 14.21M ⊙ (the present 9.6M ⊙ of V4641 Sgr plus the added 4.6M ⊙ ) and gave the 33.7 day period GRS 1915+105 now has. The GRS 1915+105 donor came out to be 1.93M ⊙ , somewhat more massive than the Harlaftis and Greiner (2004) value of 0.81 ± 0.53M ⊙ , which might be explained by the known numerous jets in GRS 1915+105 in which mass is lost. In any case, transfer by wind converted the binary like the present V4641 Sgr into a binary which looks very much like GRS 1915+105. Belczynski (private communication) was kind enough to point out to the authors of LBW that such large mass transfer could require the black hole to accrete with about 3.8 × 10 −5 M ⊙ yr −1 or about 1000 times Eddington.
A highly relevant discussion for the V4641 Sgr to GRS 1915+105 transition was given by Podsiadlowski et al. (2002) , although it was given for the evolution of Cyg X-1. They discussed the latter as if the donor and neutron star were very nearly equal in mass, which we showed earlier to be the case − the masses being equal at the time of formation of the black hole. (As Podsiadlowski et al. said, the near equality is probably not true for Cyg X-1, the donor being substantially more massive than the black hole.)
The donor in Podsiadlowski et al. had a stellar wind of 3 × 10 −6 M ⊙ yr −1 (Herrero et al. 1995) throughout the evolution. Once the mass of the donor became reduced to a mass comparable to the mass of the black hole, the donor established thermal equilibrium and filled its Roche Lobe. Because of the continuing wind loss the donor shrank significantly below its Roche Lobe and the system widened. The donor started to expand again after it had exhausted all of the hydrogen in the core and filled its Roche Lobe a second time. In this phase the mass transfer reached a second peak of ∼ 4 × 10 −4 M ⊙ yr −1 , where mass transfer was driven by the evolution of the H-burning shell.
The most interesting feature of this calculation was that the system became detached after the first initial time scale because of the stellar wind from the donor. Since the donor is close to filling its Roche Lobe, such a wind may be focussed towards the accreting black hole, as is inferred from the tomographic analysis of the mass flow in Cyg X-1 by Sowers et al. (1998) .
Sowers et al. decompose the stellar wind of the supergiant into two moments, one representing the approximately spherically symmetrical part of the wind and the second representing the focussed enhancement of wind density in the direction of the black hole.
LBW showed that the present status of GRS 1915+105 could follow from nearly conservative mass transfer by wind, but did not realize that in the beginning of the transfer with the Roche Lobe filled that the wind could cause the donor to become detached; i.e., that the wind would take over in the mass transfer.
Thus, wind is more efficient in transporting mass than Roche Lobe contact and Roche Lobe overflow, although nuclear evolution is necessary to produce the following matter in either case. The greater efficiency of the wind should not be surprising. It simply furnishes the accretion of Bondi (1952) , Hoyle and Lyttleton (1939) (see Brown and Weingartner 1994 , where accretion onto a neutron star is treated). The hypercritical accretion onto a neutron star requiresṀ > 10
4Ṁ
Edd whereas hypercritical accretion onto a black hole can occur for anyṀ .
In summary, we see that in V4641 Sgr, which we take as modeling GRS 1915+105, 1.54M ⊙ (= 9.61M ⊙ − 8.07M ⊙ ) was accreted from the equal mass point until the current position. From the current position of V4641, as in LBW, 4.6M ⊙ was accreted until the current position of GRS 1915+105, making a total of 6.14M ⊙ accretion. With the present peculiar velocity which is perpendicular to the disk of the Galaxy, we find (a s ) f inal = 0.97, somewhat smaller than the (a s ) f inal > 0.98 measured by McClintock et al. (2006) [25] . Thus at the moment, our calculated value is slightly lower than that measured by McClintock et al. Dhawan et al. will soon have more accurate peculiar motion determinations and this may change the ZAMS mass of the black hole progenitor, although. The value we find for the black hole progenitor in the V4641 Sgr template is 32 − 33M ⊙ .
Discussion
The Kerr parameters a ⋆ = 0.8 for Nova Scorpii and IL Lupi were correctly predicted by LBW. In the case of Nova Scorpii the explosion at the time of black hole formation had been constructed by Brandt et al. (1995) . Using this LBW could construct the natal a ⋆ for Nova Scorpii. This was possible because LBW could pin the efficiency λα ce to 0.2 in a number of ways, one being that post-explosion IL Lupi occurred right on the main sequence line, where it should be, given this efficiency (see Fig. 6 of LBW).
By using the fact that V4641 Sgr was essentially the same as GRS 1915+105 in early evolution shortly past main sequence, we could evolve V4641 Sgr back to the end of common envelope evolution where donor and black hole masses were equal, since this was the time at which shortest distance was reached between donor and He-star black hole progenitor, and therefore the end of common envelope evolution. (The short time between the end of common envelope evolution and black hole formation was neglected.)
Knowing the black hole mass, we could construct possible ZAMS masses of the He star black hole progenitor from 30 to 40M ⊙ . Measurement of the system's velocity could decide between these possible masses. Only the ZAMS mass 40M ⊙ black hole progenitor with a ⋆ = 0.985 would give an a ⋆ which satisfies the McClintock et.al. [25] measurement of a ⋆ > 0.98.
We summarize by stating that the similarity of V4641 Sgr to an earlier in time GRS 1915+105 and the confirmation of the assumption LBW made about Case C mass transfer, tidal locking of the donor and helium star progenitor of the black hole plus the determination of λα ce = 0.2 needed to fit several phenomena in LBW enable us to unambiguously determine the Kerr parameter of GRS 1915+105 as a function of ZAMS mass of the black hole progenitor. Accurate measurement of the system's velocity will determine that mass which with the system's velocity turns out to be ∼ 32M ⊙ . We believe that our work has shown the very detailed scenario of transient sources other than those denoted as AML's (for angular momentum loss) by LBW, which may come from lower ZAMS mass progenitors than those considered here, outlined by LBW is correct. The LBW work is, however, incomplete; e.g., it does not deal with peculiar motions other than those from the Blaauw-Boersma kick. Also, the LBW work covers only basics and we expect many surprises. A wire loop can be drawn, coming down a field line from the top (this particular field line is anchored in the black hole.) to the north pole of the black hole. The black hole has a surface conductivity, so the wire can be extended from the north pole of the black hole to the equator and further extended into the (highly ionized) accretion disk, in which the magnetic field lines are frozen. The wire can be continued on up out of the accretion disk along a field line and than connects back up to form a loop. As this wire loop rotates, it generates an electromagnetic force, by Faraday's law, sending electromagnetic radiation in the Poynting vector up the vertical axis. The region shown has condensates of charge designed to allow free rotation of the black hole, although the black hole when formed rotates much more rapidly than the accretion disk, since the compact object angular momentum must be conserved as the inner part of the He star drops into the black hole. In trying to spin the accretion disk up, the rotation engendered by the field lines is converted to heat by viscosity, the resulting hypernova explosion taking place in a viscous time scale. The gamma ray burst is fueled by the deposition of Poynting vector energy into a fireball.
The rest of the rotational energy is dissipated into the black hole, increasing the entropy or equivalently irreducible mass.
The hypernova results from the magnetic field lines anchored in the black hole and extending through the accretion disk, which is highly ionized so the lines are frozen in it. When the He star falls into a black hole, the latter is so much smaller in radius that it has to rotate much faster than the progenitor He star so as to conserve angular momentum. The field lines from the black hole to the disk then tear the disk, which is still rotating with the original He-star angular velocity, apart. Through the viscosity heat is produced, initializing the hypernova explosion. Although the hypernova energies are an order of magnitude greater than those of supernova explosion, they use up only a tiny part of the black hole rotational energy, and even this part is compensated for by the later spin up by accretion in the companion star in Nova Scorpii and IL Lupi. Thus, in these binaries one can say that to a very good approximation the Kerr parameter a ⋆ which arises is the natal spin.
Initially large amount of energy up to 10 52 ergs were attributed to gamma ray bursts. However, when correction was made for beaming the actual gamma ray burst energy is distributed about a "mere" ∼ 10 51 ergs (Piran 2002) . Hypernova explosions are usually modelled after the nearby supernova 1998bw. The hypernova by Nomoto et al. (2000) that Israelian et al. (1999) compared with Nova Scorpii had an energy of 3 × 10 52 ergs.
From Eq. (7), one finds with M BH = 5.4M ⊙ for Nova Scorpii that the hypernova explosion with 3×10 52 ergs will deplete a ⋆ by only ∼ 0.02 from the initial spin a ⋆ = 0.8. The rotational energy of the black hole is so great that fueling the hypernova explosion decreases it only a few percent. We estimate the 0.41M ⊙ calculated by LBW to be accreted by the black hole in Nova Scorpii to slightly more than cancel this.
